Chinese jasmine tea, a type of flower-scented tea, is produced by repeatedly mixing the base tea with the aromatic flowers of Jasminum sambac. The aim of this study was to analyze the changes in the volatiles, chemical components, and antioxidant activities of Chinese jasmine tea during six rounds of the scenting processes. The results indicated that benzyl alcohol, linalool, benzyl acetate, (Z)-3-hexenyl benzoate, methyl anthranilate, indole, and α-farnesene were seven major volatile compounds of jasmine tea. Moreover, the total amount of the volatile compounds increased gradually with increasing scenting rounds. The absorption of linalool became saturated quickly, while those of the other six major volatile compounds exhibited nearly linear increases throughout all six repeated scenting rounds. Importantly, the value of the jasmine tea flavor index, an evaluating indicator of the aroma quality, gradually increased with the progression of the repeated scenting rounds. The change of each detected taste component was less than 15% during six rounds of the scenting process. The antioxidant activities of the tea samples decreased in the first two rounds and later increased in the succeeding four rounds of the scenting process. However, the antioxidant activity of the finished tea was lower than that of the base tea, being significantly correlated with the change of catechin concentration. The findings provided insight into the changes in the volatiles, chemical components, and antioxidant activity of Chinese jasmine green tea during the repetitious scenting process, which could provide beneficial insight on improving the quality grade of the tea.
Introduction
Chinese jasmine tea has been enjoyed for several centuries in China because of its unique aroma and sedative effects on autonomic nerves and mood states. [1, 2] The flower-scented tea is produced by repeatedly mixing the base tea with the aromatic flowers of Jasminum sambac, transferring the fragrant compounds from the fresh flowers into the base tea. Each round of the jasmine tea scenting processes includes eight steps, namely, preprocessing the base tea, maintaining the fresh flowers, layering the flowers with the base tea, spreading out the mixture for heat dissipation, re-heaping up and scenting, separating the flowers from the tea, heating, and cooling. In order to increase the intensity of the jasmine fragrance, the resultant tea from the last scenting round is mixed with the proper amount of the fresh jasmine flowers to obtain the finished tea. This specific step is named Ti-hua.
There are many quality grades of jasmine tea, which are determined by the quality of the base tea, environmental temperature, moisture content, ratio of the jasmine flowers to the base tea, and the repeated rounds of the scenting processes. [3] Generally, the more rounds of the scenting process the tea undergo, the higher the quality grade. However, the cost increases markedly with an increase in repeated rounds of the scenting process because more fresh jasmine flowers are required and a longer scenting time is needed because the absorption efficiency of the base tea decreases gradually during the scenting processes. For cost reduction, large batches of the jasmine tea are produced with two to four rounds of the scenting process, usually yielding a low quality grade tea. To obtain scented tea with a high quality grade, six to seven rounds of the scenting processes have to be repeated. This indicates that the number of scenting rounds has a significant impact on the quality of the jasmine tea. Thus, it is of significance to carefully study the effects of repeated scenting rounds on the quality grade of jasmine tea. However, the changes in flavor substances were researched in jasmine tea produced with no more than four scenting rounds, and no research on the corresponding changes in jasmine tea with higher numbers of scenting rounds has been reported so far.
The aroma of jasmine tea is one of the most important factors determining its quality. Therefore, many researches of jasmine tea focused on its aromatic volatile compounds to understand the aroma characteristics. It is believed that the aroma of jasmine tea is absorbed from the fragrant components of the fresh J. sambac flowers by the base tea, but rarely from the base tea itself. [4] Some researchers have evaluated the potential correlation between the volatile compounds and the quality grade of the flowerscented tea. Yamanishi described the correlation between the quality grade of jasmine tea and the ratio of the total concentration of benzyl alcohol, benzyl acetate, (Z)-3-hexenyl benzoate, methyl benzoate, and methyl anthranilate to that of linalool. [5] Lin et al. proposed the "jasmine tea flavor" (JTF) index, defined as the ratio of the peak area percentage of α-farnesene, (Z)-3-hexenyl benzoate, methyl anthranilate and indole to that of linalool, to be used for quality evaluation of jasmine tea. [6] In all cases, the aroma quality of jasmine tea increases as the value of the index or ratio increases.
The chemical components containing polyphenols, amino acids, methylxanthines, and soluble sugars also influence the quality of the tea. [7] Flavanols and flavonols are the important active polyphenols in green tea and tea catechins may account for over 10% of the dry tea weight. Caffeine, theophylline, and theobromine constitute the main tea alkaloids. The chemical structures of tea catechins and methylxanthines are shown in Fig. 1 . Previous studies show that these chemical components are changed during the scenting processes. [8] However, little is known about the effects of repeated scenting rounds on the chemical components in jasmine tea. While jasmine tea, a flower-scented tea, is one of the most popular beverages consumed in China, to date there are only about ten references in the literature concerning the beneficial effects of drinking jasmine tea. [1, 2, [9] [10] [11] [12] [13] [14] [15] [16] Additionally, the difference in bioactivity between the base tea extract and the finished jasmine tea extract is still not clear.
Thus, the objective of this study is to investigate the changes of the volatile compounds, chemical components and antioxidant activities of jasmine tea during six rounds of the repeated scenting processes, and to study the differences in jasmine tea made by the traditional and modern scenting techniques. In order to reach this goal, a research plan was developed to: (1) investigate the changes of the volatile compounds in Chinese jasmine tea; (2) determine the level of the total polyphenols, catechins, gallic acid (GA), and methylxanthines; and (3) examine the antioxidant activity of jasmine tea in vitro using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay.
Materials and methods

Chemicals and materials
GA, caffeine, theobromine, theophylline, (+)-catechin (C), (-)-epicatechin (EC), (-)-gallocatechin (GC), (-)-epigallocatechin (EGC), (-)-epicatechin gallate (ECG), (-)-epigallocatechin gallate (EGCG) and (-)-gallocatechin gallate (GCG) were purchased from Sigma (St. Louis, MO). DPPH was obtained from Aldrich (Milwaukee, WI, USA). Acetonitrile, methanol, and formic acid were high-performance liquid chromatography (HPLC)-grade and obtained from Merck (Darmstadt, Germany). Deionized water was prepared using a Millipore Milli Q-Plus system (Millipore, Billerica, MA, USA).
Fresh flowers of the double-petalled jasmine planted in Fuzhou, Fujian, China, were harvested and used for scenting. The jasmine tea, Yin Hao Jasmine, was produced using both the traditional scenting technique (named as tea A) and the modern scenting technique (named as tea B) in Fujian Chun Lun Tea Ltd. (Fuzhou, China) in September 2012. For the modern scenting technique, the steps of separating the jasmine flowers from the resultant tea and the heating were performed in a machine. For the traditional scenting technique, the heating step was performed in a charcoal baking cage. The scenting processes were both repeated with six rounds for the two scenting techniques. At the end of each round of the scenting process, the jasmine flowers were removed from the resulting tea. The tea then underwent the drying step and 200 g tea was collected for each sample. The tea samples made using the traditional scenting technique were designated as A1R to A6R for each sample from the first through sixth round, respectively; the corresponding tea samples made by the modern scenting technique were designated as B1R to B6R, respectively. The final scented teas made using the traditional and modern scenting techniques were designated as finished tea A and B, respectively. All of the tea samples were stored in aluminum foil bags at 4°C.
Determination of the volatile compounds using gas chromatography-mass spectrometry (GC-MS) combined with solid-phase microextraction (SPME) SPME fiber coated with 50/30 µm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/ PDMS; Supelco, USA) was preconditioned at 270°C in the GC injector and used in this work. One gram of jasmine tea (the base tea or the resulting tea from each scenting round) or three fresh jasmine flowers were placed into a 20 mL glass bottle with the SPME fiber and incubated in a water bath at 60°C (for tea) or 30°C (for flowers) for 5 min. The SPEM fiber was then inserted into the headspace of the bottle for extraction for 20 min.
After extraction, the SPEM fiber was took out and inserted into the pre-heated injector port of the GC for desorption at 250°C. The desorbed volatile constituents were separated and analyzed using a 7890A GC equipped with an HP-5MS capillary column and coupled with a 5975C mass-selective detector (Agilent Technologies, USA). The oven temperature was: (1) held at 50°C for 2 min; (2) increased from 50 to 120°C at a rate of 5°C/min and held at 120°C for 15 min; (3) increased by 5°C/ min to 180°C and held at 180°C for 2 min; and (4) increased to 280°C at a rate of 30°C and maintained at 280°C for 2 min. Electron impact (EI) spectra were recorded, the temperature of the ion source was 230°C and mass spectra were full-scanned in an m/z range from 50 to 550 mass units. All experiments were performed in triplicate.
Determination of n-alkane mixture (C 8~C40 , DRH-008S-R2; American Accu Standard Inc) was performed under the same GC conditions, and the temperature-programmed retention indices were calculated according to the method described by van Den Dool and Kratz. [17] The components were identified by comparing their mass spectra with NIST05 mass spectral database and their calculated linear retention indices with the published data. The percentage of the aroma compounds was calculated by peak-area normalization.
In our preliminary studies, we used ethyl decylate as an internal standard for quantitative determination of the volatiles, but poor repeatability and stability of its peak area were observed. The same results were also reported by Wang et al. [18] and Lv et al. [19] who used ethyl heptanoate and ethyl decylate, respectively, as internal standards in the SPME-GC analysis. Therefore, the internal standard method was not used in this study.
Determination of total polyphenols, GA, catechins, and methylxanthines in the tea samples
The total polyphenolic content of each sample was determined according to the Folin-Ciocalteu method described by Anesini et al. [20] which was calculated according to the standard curve of GA solution and defined as: milligram of GA equivalents/gram of tea sample (mg GAE/g). All experiments were performed in triplicate.
The contents of GA, theobromine, theophylline, caffeine, C, EC, EGC, ECG, GC, EGCG, and GCG were determined by HPLC. HPLC analysis was performed on an Agilent series 1100 (Agilent Technologies) liquid chromatograph, equipped with a vacuum, a quaternary pump, a G1314A variable wavelength detector, a hand-sampler and a column oven. A Welch Ultimate XB-C18 column (250 mm × 4.6 mm i.d., 5 μm) protected by a precolumn was used in this study. The separation was achieved by a gradient elution of 0.1% formic acid solution (solvent A) and acetonitrile (solvent B) at a flow rate of 1 mL/min: 0-20 min, 5-17% B; 20-40 min, 17-17% B. The equilibration time was 20 min. The injection volume was 20 μL, and the detection wavelength was set at 278 nm. The column was re-equilibrated with the initial conditions for 15 min before the next run.
DPPH free radical-scavenging activity of the tea extracts
The antioxidant capacity was determined by the DPPH radical scavenging assay according to the method described by Gaulejac et al., with minor changes. [21] Briefly, 0.1 mL of tea extract solution at various concentrations was mixed with 3.0 mL of 6×10 −5 mol/L methanolic solution of DPPH and incubated at room temperature in the dark for 30 min. The absorbance of each sample at 517 nm was measured using a ultraviolet-visible (UV-Vis) spectrophotometer. Pure methanol was used both as a control and for the baseline correction. The radical scavenging activity was defined using the following equation: DPPH radical scavenging activity (%) = 100 × (A control − As ample ) /A control , where A sample and A control are the absorbance at 517 nm of the sample and the methanol control, respectively. The values of antioxidant capacity were expressed as Trolox Equivalent. All experiments were repeated three times.
Statistical analysis
Data were analyzed using analysis of variance (ANOVA) with the statistical software SPSS 19.0. Significant differences were determined by Duncan's multiple range tests (p < 0.05). Correlations (r) was evaluated using Pearson's correlation analysis.
Results and discussion
Volatile compounds
Jasmine tea is a type of flower-scented tea which is made by repeatedly mixing basic tea with fresh J. sambac flowers. The aroma characteristics of jasmine tea are formed mainly during the scenting processes, which have been proven by some previous researches. [4, 6] In this study, the volatile compounds in the base tea, the fresh jasmine flowers, and the finished jasmine tea were characterized using the HS-SPME-GC-MS. As summarized in Table 1 and Table S1 , 64 volatile compounds were identified in the base tea, the finished jasmine tea, and the fresh jasmine flowers, representing 92.44-96.13% of total volatile substances. It is noteworthy that seven compounds (.tau.-cadinol, methyl nonanoate, hexyl benzoate, cadina-1,3,5-triene, cadalene, tridecane, and butylated hydroxytoluene) were identified for the first time as the flavor compounds of jasmine tea (marked by "*" in Table 1 ). The results showed that benzyl alcohol, linalool, benzyl acetate, (Z)-3-hexenyl benzoate, methyl anthranilate, indole, and α-farnesene were the major aroma components in both the finished jasmine tea A and B. Furthermore, the aroma compounds identified in the finished jasmine tea were in agreement with those found in the fresh jasmine flowers ( Table 1 ), indicating that these aroma compounds were absorbed by the base tea from the jasmine flowers.
As shown in Table 1 , 37 compounds were found to exist in both the finished jasmine tea and the fresh flowers of J. sambac. Except benzyl alcohol, copaene, caryophyllene, α-caryophyllene, δ-cadinene and cadina-1,3,5-triene, the other 31 compounds are not found to exist naturally in the basic green tea, suggesting that they were absorbed from the jasmine flowers. It is inferred that the absorption of aromatic compounds into the tea-leaves was achieved through both physical absorption and chemical absorption. [22, 23] The moisture is thought to play an important role during the scenting process of jasmine tea. At the end of each scenting round, the moisture must be removed from the resulting tea through the heating step to prevent the tea from spoiling. It is worth mentioning that the cis-3-hexenyl acetate concentration was approximately 1% in the resulting jasmine tea, while it could reach up to 11.79% in the fresh jasmine flowers. This could possibly be attributed to a loss of the aromatic components during the heating step.
The major compounds, such as linalool (17.89-19.59%), benzyl acetate (24.17-24.99%), benzyl alcohol (9.17-13.07%), methyl anthranilate (5.55-5.78%), and indole (5.18-6.03%), detected in the present study have previously been reported as the odor-active compounds of jasmine tea. [4, 24] Among them, linalool endows many aromatic plants with a flowery and fruity odor and methyl anthranilate endows the jasmine flower J. sambac with a sweet grape-like odor. [25] In addition to these two, some minor and trace compounds can also contribute to the flavor of jasmine tea because of their unique odors. [4] For example, methyl salicylate can confer the black tea with a unique minty, sweet, wintergreen-like odor; [18, 26] methyl benzoate has a pleasant fruity odor and is the most abundant scenting compound in the majority of snapdragon varieties. [27] Changes of the volatile compounds during the scenting process
In the production of jasmine tea, the scenting processes are generally repeated for as many as six or seven rounds to ensure a strong fragrance in the high-quality scented tea. Thus, not only a large number of fresh jasmine flowers but also longer scenting times are used, inevitably increasing its production cost. Unfortunately, there is not yet enough scientific data to support the necessity of the Table 1 . Volatile compounds identified in the aroma concentrate of basic tea, finished jasmine tea and fresh flower of J. sambac. repeated scenting rounds to ensure a high quality of finished tea. In order to examine the effects of repeated rounds of the scenting process on the aroma quality of jasmine tea, changes in the aroma volatiles during the six scenting rounds were determined systematically. As shown in Fig. 2a , the total peak area of the detected tea volatiles exhibited a positive correlation with the number of repeated scenting rounds, which increased separately by 194.7% for the tea A sample and 161.8% for the tea B sample from the first round (1R) to the sixth round (6R). Moreover, it was observed that the volatile concentration of the resulting tea increased faster in the first three scenting rounds than in the last three scenting rounds. Changes in the seven major volatile compounds in both tea A and tea B were monitored throughout the six scenting rounds (Fig. 2b and 2c) . The peak areas of benzyl alcohol, linalool, benzyl acetate, indole, methyl anthranilate, α-farnesene and cis-3-hexenyl benzoate in the tea A and B were increased separately by 304.2 and 189.3%, 71.8 and 73.7%, 175.4 and 265.2%, 884.4 and 210.7%, 1121.7 and 144.3%, 564.1 and 235.7%, and 1007 and 193.8%, respectively, from 1R to 6R. The content of linalool was significantly increased from 1R to 3R, and then remained almost unchanged during the last three scenting rounds, indicating that the absorbance of linalool became quickly saturated. The concentrations of the other six major volatiles, benzyl alcohol, benzyl acetate, indole, methyl anthranilate, α-farnesene, and cis-3-hexenyl benzoate, exhibited nearly linear increases throughout all six scenting rounds.
In this study, the JTF index proposed by Lin et al. was chosen to describe the correlation between the quality grade of jasmine tea and the flavor components. [6] The JTF index values of the finished tea A and B were 1.63 and 1.32, respectively, indicating that the two jasmine tea samples were wellscented due to a JTF index >1. The JTF index values of the finished tea A and B were increased by 391 and 74% from 1R to 6R, respectively. Furthermore, the JTF index values increased gradually with the added rounds of the scenting processes (Fig. 2d) . Lin et al. previously reported that the JTF index value increased with the quality grade of jasmine tea. [6] Therefore, our results indicated that the more rounds of the scenting processes that were repeated, the better the quality of the jasmine tea, which is consistent with the practical experience of the traditional jasmine tea scenting process.
Changes of the chemical components during the scenting processes
Methylxanthines and polyphenolic compounds have been considered as the two main important biochemical components in green tea that are beneficial to human health. [28] [29] [30] [31] During the scenting processes, the increased moisture and temperature inevitably cause changes in the biochemical components in the base tea, [8] further influencing the bioactivity of tea. Therefore, it is necessary to analyze the changes in the biochemical components during the scenting processes.
The HPLC results showed that the content of theophylline was lower than its limit of quantification. As shown in Tables 2 and 3 , the total content of the detected catechins was higher in the finished tea B than the finished tea A with a concentration of 96.67 mg/g versus 88.65 mg/g, respectively, while the contents of both GA and theobromine are almost the same in both finished tea A and B. No significant regularity was observed in the changes of the total soluble phenolic components during the scenting process. The finished tea A seems to have a lighter bitter and astringency flavor than the finished tea B due to the lower levels of polyphenols and caffeine. [32] As shown in Tables 2 and 3 , the contents of both theobromine and caffeine showed no significant difference (p > 0.05) in both tea A and B samples during six rounds of the scenting process, whereas the GA concentrations of the tea A and B increased by 1.16-and 1.13-fold, respectively, from the base tea to the finished tea, owing to its liberation from catechin gallates. [28] As shown in Fig. 3 , the most predominant catechin was EGCG, following by EGC and ECG. Moreover, the three major catechins accounted for approximately 80% of the total catechins. The results showed that the contents of the total catechins EGCG, EC, GCG, and EGC decreased separately by 2.3, 2.4, 4.4, 2.0, and 13.0%, while those of ECG, C, and GC increased by 7.8, 3.1, and 7.4%, respectively, in the finished tea A compared with the base tea. During the scenting process of the tea A, the contents of EGCG, ECG, and GCG gradually decreased from the base tea to the fourth round (4R) of the scenting process and then increased during the last two scenting rounds. On the contrary, those of EGC, EC, C, and GC were increased to a certain degree from the base tea to the A4R and then decreased during the last two scenting rounds (Fig. 3a) . El-Hady and Albishri reported that some catechins might undergo isomerization at the C-2 position of flavan-3-ol during the tea making process (Fig. 1) , for examples, EGCG, ECG, EGC, and EC could be converted into GCG, CG, GC, and C, respectively. [33] However, no Values were expressed as mean ± standard deviation (n = 6). The difference letter in the same column indicated that the difference between the grades is significantly through Duncan test (p < 0.05). A: tea sample produced using traditional scenting technique; B: tea sample produced using modern scenting technique; 1-6 the number of the scenting rounds; R: round. Values were expressed as mean ± standard deviation (n = 6). The difference letter in the same column indicated that the difference between the grades is significantly through Duncan test (p < 0.05). A: tea sample produced using traditional scenting technique, B: tea sample produced using modern scenting technique, 1-6: the number of the scenting rounds, R: round.
increase in the GCG content was observed with the reduction of EGCG, likely due to the transfer of EGCG into the EGCG dimers. [34] Figure 3b showed the changes of the catechins during the scenting processes of the jasmine tea B samples. The results showed that the concentrations of all the detected catechins except EGC increased from the base tea to the finished tea B. Our data indicated that the content change of each detected component in the tea extracts was less than 15% from the base tea to the finished tea.
Changes of the antioxidant activity during the scenting processes Antioxidant activity of jasmine tea is closely related to the base tea used. However, the watersoluble chemical components might be changed during the scenting process of jasmine tea, potentially affecting its health benefits. Therefore, the DPPH assay was used to examine the effects of the repeated scenting rounds on the antioxidant capacity of jasmine tea. The results showed that the antioxidant capacities of tea A and tea B decreased by 15.7 and 1.7%, respectively, from the base tea to the finished tea. As shown in Fig. 4 , the antioxidant activities of the tea A1R and B1R extracts decreased respectively by 25.9 and 14.0% compared with that of the base tea. It is noteworthy that the tea A2R and B2R extracts exhibited the weakest inhibition activity of oxidation. On the whole, the antioxidant capacity of the tea samples initially decreased during the first two scenting rounds and then increased from the third scenting round. During the six rounds of the scenting processes, the antioxidant capacity of the tea A was significantly correlated with the changes of the total catechins EGCG and GCG (r = 0.64, 0.68, and 0.69, respectively), while that of the tea B was markedly correlated with the changes of the total catechins, EGCG, ECG and EC (r = 0.87, 0.83, 0.76, and 0.86, respectively). The results demonstrated that the antioxidant capacities of the finished tea A and B were different, likely owing to the differences in the catechin concentrations.
Conclusions
To the best of our knowledge, this is the first report to reveal the changes in volatile compounds, chemical components, and antioxidant activities of jasmine tea during a higher number of repeated rounds of the scenting process. After six scenting rounds, the concentrations of the major volatile compounds absorbed from fresh J. sambac flowers were increased dozens of times in the finished tea compared with the base tea, and the chemical components also underwent changes (less than 15%). Meanwhile, the antioxidant capacities of the tea samples appeared to decline during the first two scenting rounds and then recovered from the third scenting round, which notably correlated with the change in catechin concentration. In general, increased repeated scenting rounds obtained a better aroma quality in the finished jasmine tea and recovery of the antioxidant capacity. Although the aroma quality grade of the finished tea produced by the modern-scented technique is slightly lower than the one made by the traditional-scented technique, the modern-scented technique exhibits higher production efficiency and can endow the finished tea with a much stronger antioxidant activity compared with the traditional-scented technique. Therefore, the modern-scented technique to produce jasmine tea is worth a wide popularization and application in practical industrial production.
Our results indicated that the aroma quality of the jasmine teas was greatly enhanced with an increase in scenting rounds, and their antioxidant capacity was not significantly lost after increasing repeated scenting rounds. Therefore, we strongly recommend the necessity of using more scenting rounds to ensure a high quality of the finished tea in the production practice of jasmine tea. Our work could provide fundamental and practical information for improvement of the quality grade of Chinese jasmine tea.
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